colleagues is that the emitting source of GRB 090102 is permeated by large-scale, ordered magnetic fields, and that the emission process is non-thermal synchrotron emission from leptons (such as electrons) as they spiral around the magnetic fields at high (relativistic) speeds in the GRB outflow's frame of reference.
Magnetic fields are necessary to produce synchrotron emission. But if a magnetic field is tangled on small scales, as the favoured model of GRB emission posits, the polarization produced by different emitting regions will average out to nearly zero. A large amount of polarization would therefore be tied to large-scale, non-tangled magnetic fields. If this interpretation is correct, Steele and colleagues' result will lend support to models in which large-scale magnetic fields have an important role in launching and collimating GRB outflows. In addition, large-scale magnetic fields can directly accelerate the emission of particles through the process of magnetic reconnection -a well-established hypothesis to explain solar flares.
Steele and colleagues' detection 5 of polarized light from GRB 090102 is likely to contribute to the heated debate about the nature of GRBs. Previously, claims 6 of high polarization in GRBs were inconclusive 7 because polarization is difficult to measure at high frequencies, giving large uncertainties. At visible-light frequencies, polarization can be measured with much higher certainty. A conservative interpretation of the results of Steele et al. is that the magnetic forces in GRBs are at least as important as the gas-pressure forces. A more exciting possibility is that magnetic fields completely dominate the outflow dynamics, so that the nature of GRBs is mostly electromagnetic and not gas-dynamic 8 . 
NEUROSCIENCE

Excitatory view of a receptor
Lonnie P. Wollmuth and Stephen F. Traynelis
Ion channels opened by glutamate mediate fast cell-to-cell information transfer in the nervous system. The structure of a full-length tetrameric glutamate receptor is both confirmatory and revelatory.
Anyone who wears glasses knows the experience of putting them on. What was fuzzy, blurry and ill-defined suddenly snaps into focus. On page 745 of this issue, Sobolevsky et al. 1 offer those working on signalling in the nervous system, and on membrane proteins in general, a pair of glasses. The authors provide the first structure of a full-length glutamate receptor, giving a spectacular, panoramic view of a surprising landscape with at least a few unanticipated features.
Fast cell-to-cell signalling in the nervous system -the basis of our ability to perceive, think and respond -occurs at specialized structures called synapses, sites where encoded information is transferred from one cell to another by a chemical neurotransmitter. In the nervous system, glutamate is the major excitatory neurotransmitter, binding to and activating ionotropic glutamate receptors. These receptors are transmembrane proteins that have a glutamate-recognition site (ligand-binding domain) that, when bound by glutamate, opens an associated ion channel. They are therefore at the heart of nervous-system function. Regrettably, when unregulated, they can also contribute to an array of debilitating disorders, including schizophrenia, Alzheimer's disease and Parkinson's disease, and are involved in the neuronal damage that accompanies stroke and traumatic brain injury.
The structure presented by Sobolevsky et al. 1 is of one of the main glutamate-receptor subtypes, an AMPA (α-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid) receptor from the rat. It is made up of four GluA2 subunits (GluR2 in older nomenclature) that are identical in terms of amino-acid sequence, and it encompasses three structural/functional domains (Fig. 1a, overleaf) . Two of these domains are located on the external side of the cell membrane, and we have seen them individually before -the modulatory amino-terminal domain (ATD) [2] [3] [4] and the ligand-binding domain (LBD) 5 with its clamshell-like arrangement. The third component is the transmembrane domain (TMD), which forms the ion channel, and this is our first view of it. In many ways the structure is comforting, because it consolidates and verifies much
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Wisdom of the West. By Bertrand Russell -This is Lord Russell's second brilliant venture into a comprehensive history of Western (mainly philosophical) thought … Of course, despite the brilliance and apparent novelty of presentation, it should be realized that on the whole this is old wine poured into new bottles … There are still the rough and ready divisions into the Continental rationalists (who are rather wicked) and the more virtuous British empiricists, supported arbitrarily by the quite unproved suggestion that the diagrams representing these two types of philosophical systems are, respectively, a pyramid standing on its head, as against the other, standing on its feet ... But these are minor criticisms. Certainly this new excursion into our cultural heritage is another astonishing venture testifying to the brilliance and almost legendary energy of its author. From Nature 12 December 1959.
In his review of Prof. Poulton's work, "Charles Darwin and the Origin of the Species," Prof. Meldola says ... that the Darwinian theory is absolutely dependent upon the truth of the belief "in the transmissibility by inheritance of individual differences or 'fluctuations'." … There is now available a vast amount of evidence tending to show that "fluctuations" seemingly the direct results of changes in the environment are inherited; but how is it possible to convince Weismann and his followers that such "fluctuations" have not been due, as they will say, to "spontaneous germinal variations"? Surely the onus probandi really rests with them! We have here the question of the inheritance or not of acquired characters reduced to its simplest terms. … What evidence can those who disbelieve in the inheritance of acquired characters present to show that in all such cases there must be a primary germinal change? From Nature 9 December 1909. previous functional and structural work. But at the same time it is exhilarating, owing to the unexpected way in which these domains are intertwined and linked together.
The ATD and LBD in the new structure overlap remarkably well with earlier, isolated structures 2-5 of these domains. They are arranged as dimers, a key structural/functional motif for receptor function; the agonist (glutamate) recognition site, in this instance occupied by a competitive antagonist, is located within the clam shell formed by the LBD. These domains also have a two-fold symmetry relative to the axis perpendicular to the cell membrane. Conversely, the TMD has four-fold symmetry, which is perhaps not surprising given its kinship to another kind of transmembrane ion channel, the potassium (K + ) channel. A completely unanticipated feature of the tetrameric GluA2 receptor is that domain swapping and crossover occurs between subunits. As a result, the homotetrameric GluA2 protein complex has two conformationally distinct pairs of subunits, referred to as A/C and B/D (Fig. 1b) . Thus, at the level of the ATD, the dimer pairs are A-B and C-D, with considerable inter-pair interactions between the B and D subunits; at the level of the LBD, however, the dimer pairs are A-D and B-C, with inter-pair interactions occurring between A and C (Fig. 1b) . This pairwise arrangement is abolished in the TMD, in which four independent but equivalent subunits have four-fold symmetry.
Sobolevsky and colleagues' work 1 also gives us our first glimpse of the glutamate receptor's transmembrane ion channel. Functional evidence has supported the once radical idea 6, 7 that the core of the glutamate-receptor ion channel -transmembrane helix M1, the M2 pore loop and transmembrane helix M3 -shares structural similarity and perhaps evolutionary homology with the permeation pore in K + channels 8 , an idea overwhelmingly supported by the new structure. Moreover, glutamate receptors also reprise another feature of K + channels: they have an additional peripheral transmembrane helix, the M4 segment, that associates with the ion-channel core of an adjacent subunit, as do peripheral transmembrane helices in voltage-gated K + channels. The significance of this arrangement in glutamate receptors is unknown. It may, however, represent a common structural theme in transmembrane proteins and adds a further intriguing aspect to the evolutionary history of glutamate receptors.
In the new structure 1 , the LBD is occupied by a competitive antagonist, so the status of the associated ion channel is not controversial -it is in a closed, non-conducting state. As predicted from previous experimental results 9, 10 , highly conserved residues at the apex of the transmembrane gating helix M3 (like the inner helices in a K + channel) are positioned in close proximity and presumably form the gate that blocks ion permeation through the closed channel. A clear definition of the channel gate is an essential step forward in defining receptor function, and will stimulate experiments that further focus our view of channel activation.
Earlier images of glutamate-receptor fragments/domains were missing the two sets of linkers that couple the ATD to the LBD and the LBD to the TMD. Yet it is these linkers that accommodate both the domain swapping and symmetry mismatch, and ultimately transduce ATD modulatory effects to the LBD/TMD and the conformational change in the LBD to channel opening and closing. Indeed, visualization of the details reveals previously unknown linker arrangements -especially for those coupling the LBD to the ion channel, which, as Sobolevsky et al. 1 propose, may be essential for receptor function. For example, the linker preceding the M1 transmembrane helix (the pre-M1 region) makes a short helix parallel to the plane of the membrane and contacts the protruding carboxy-and amino-terminal ends of transmembrane helices M3 and M4, respectively. Closure of the LBD clamshell presumably moves this pre-M1 helix away from the M3 helix, permitting this main transmembrane gating element to rotate away from the central axis of the pore and opening the ion channel. Thus, the new structure hints at potential gating steps 11 that may be functionally distinct. It allows specific predictions to be made that could transform kinetic studies of glutamate receptors from an impersonal mathematical exercise to one that also involves matchmaking between elementary kinetic steps and protein conformations.
The different conformations for identical subunits within a tetrameric protein were unanticipated. However, another glutamate receptor subtype, the NMDA (N-methyl-daspartate) receptor, requires two different types of subunit to function -typically two GluN1 and two GluN2 subunits, although their exact arrangement was unknown. Using a biochemical approach, and taking advantage of the two conformationally distinct sets of subunits, Sobolevsky et al. 1 provide evidence that the GluN1 subunits take the A-C role and the GluN2 subunits take the B-D role, and that the subunit arrangement is GluN1-GluN2-GluN1-GluN2. This is a provocative result and seems rational given the need for different subunits.
It is easy to be excited by these data, and Sobolevsky et al. 1 should indeed be commended for their groundbreaking work, which will shift studies of glutamate receptors in a fresh direction. But, of course, more work is needed. A deeper understanding of receptor function will require not only clever functional experiments inspired and guided by structure, but also structures of higher resolution, snapshots of alternative states, and structures of other members of the glutamatereceptor family. We should also retain a healthy dose of caution, lest we rush to transfer all the principles learned here prematurely to the entire glutamate-receptor family. However, for the moment, enjoy the newly afforded clearer view. At the half-way point in a journey to Earth's centre, at a depth of about 2,900 kilometres, an intrepid explorer would encounter the coremantle boundary. This is where Earth's rocky mantle meets the fluid, iron-rich outer core, and it is marked by a large change in density and chemistry. The boundary is also thermal, because Earth's core is more than 1,000 K hotter than the mantle 1 . Thus, conduction is the characteristic form of heat transfer for some 100 kilometres or so immediately above the core, whereas above that, in the bulk of the mantle, convection dominates.
The sharp change in temperature gradient creates a distinct seismological and mineralogical environment for this region, which is dubbed Dʹʹ (D double prime). There is, of course, no explorer to send back reports about the region, so the study of Dʹʹ depends on the analysis of seismic waves or on experiments on minerals at relevant temperatures and pressures. The latter is the approach taken by Catalli et al. (page 782 of this issue) 2 , who have come up with a new estimate for the thickness of the Dʹʹ discontinuity and the nature of this region.
The special mineralogy of Dʹʹ is produced by a transition in crystal structure from that of magnesium silicate perovskite, MgSiO 3 , the most abundant mineral on Earth, to a form known as post-perovskite 3, 4 . Seismicwave speeds change abruptly in this region, often more than once 5 , providing information for seismological investigation of Dʹʹ. The approach taken by Catalli et al. 2 instead involves experimental determination of a feature called the Clapeyron slope, which marks the coexistence curve between two mineral phases, and is defined by the change in temperature over the change in pressure. For the perovskite-to-post-perovskite transition, this slope is positive -that is, as one goes deeper into the mantle to higher pressures, higher temperatures are required to produce postperovskite. In addition, for a material that varies in composition (for example, with iron and aluminium replacing some of the magnesium), there is a finite range of pressures and temperatures for which both the high-pressure and low-pressure phases coexist; thus a 'thickness' of this phase transition will yield a boundary that is either sharp or broad.
Catalli and co-authors have made precise measurements, at simultaneous high pressures and temperatures, using a laser-heated diamond-anvil cell, on compositions of magnesium silicate perovskites that include both iron and aluminium. Attaining pressures above 1 Mbar (a million times room pressure) is fairly routine. But heating a sample at these pressures to the temperatures of the phase transition, above about 2,000 K, requires special attention. This is because diamonds are great thermal conductors and can dissipate the heat produced by the infrared lasers used to create the high temperatures, causing large temperature gradients in the sample chamber. Great care is necessary to thermally insulate the samples, which have dimensions of only tens of micrometres.
Besides the technical difficulties of reaching high pressures and high temperatures in these kinds of experiment, there is the issue of calibration. Previous results have shown a range of positive Clapeyron slopes for the transition that can be attributed, in part, to the different pressure-calibration standards used 6 . To overcome this problem, Catalli et al. 2 used the differences in the phase-boundary pressures rather than the absolute pressures: the absolute values are not important when determining the thickness of the perovskite to post-perovskite boundary, making the results calibrationindependent. The upshot is that the authors conclude that the two phases, perovskite and post-perovskite, could coexist over a depth range of 400-600 (±100) km -a much larger range than the seismically estimated Dʹʹ discontinuity thickness of about 30 km (ref. 7) .
How can this discrepancy between a thin Dʹʹ discontinuity (that is, a seismically sharp boundary) and the results of Catalli et al. be explained? The authors contend that compositional differences, perhaps low aluminium content or high abundance of ferropericlase (Mg, Fe)O -Earth's second most abundant mineral -would sharpen the boundary. But this would run counter to the view that portions of the Dʹʹ layer contain some oceanic crust, subducted from the surface through plate tectonics. Although oceanic crust mineralogy would have a large proportion of magnesium silicate perovskite, it also has increased amounts of silica (SiO 2 ) and alumina (Al 2 O 3 ), which, given Catalli and colleagues' results, suggests an even thicker Dʹʹ discontinuity.
All in all, the Dʹʹ layer presents many puzzles. One, for instance, is that seismic data indicate that there must be directionality to the minerals present, possibly due to the planar crystal structure of post-perovskite. But there is no consensus as to how post-perovskite would provide a consistent mechanism for such directionality 8, 9 . Another puzzle concerns a region at the very bottom of Dʹʹ that is dubbed the ultra-low-velocity zone, where large decreases in the speeds of seismic waves are recorded. One explanation for this phenomenon could be the presence of a small amount of minerals in melted form; another explanation is the possible existence of iron-rich post-perovskite produced by reaction with the iron-rich core 10 . Indeed, the Dʹʹ region is evidently chemically diverse -whether owing to interactions with the core, old oceanic crust or other factorsand this is likely to be the root cause of much of its unusual seismic behaviour.
There is much left to pin down in understanding the causes of the seismic signatures in Dʹʹ. Catalli and colleagues' results highlight the need for more experiments and computations on the behaviour of not just Earth-relevant compositions of magnesium silicate perovskite, but also of other mineral assemblages, to tease out the effects of chemical composition on the transition to post-perovskite. Quantifying the effects of melt in Dʹʹ on density and on seismic wave speeds will also be important to understanding the other puzzles presented by Dʹʹ. In addition to new lab results and sophisticated computations, fine tuning on the Dʹʹ features that can be resolved by seismological observations are also needed. 
